INTRODUCTION

Background
Peripheral nerve blocks are frequently used as part of a multimodal pain treatment. The advantages of nerve blocks are, in addition to pain relief, reduced morphine consumption and consequently less morphine-related side effects such as nausea, vomiting and sedation. Nerve blocks can be performed either as a single (bolus) or as a continuous infusion using perineural catheters. The limitation of single-shot blocks is the relatively short duration. Compared to the catheter-based solutions single-shot blocks may be associated with a lower risk of infection, are considered to be less complicated to perform and can easily be used for outpatients (1, 2) .
In order to prolong the effect of single-shot blockades, attempts have been made to add various adjuvants for local anesthetics with varying success. Several studies have shown that clonidine prolongs the duration of a single-shot nerve block compared to placebo (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , but it is unclear whether this effect is exerted via a systemic or local mechanism (3) (4) (5) (21) (22) (23) . We wish to investigate whether perineural administration of clonidine prolongs the duration of a ropivacaine nerve block, when controlling for systemic effects.
Our group has validated different methods that can be used to assess the duration of sensory block, and found that the following methods can estimate the duration with high precision: temperature discrimination test with an alcohol swab, pin-prick, warmth detection threshold, WDT, and heat pain detection threshold, HPDT, as well as pain during tonic heat stimulation of the skin (24) .
Clonidines mechanism of action will be investigated using an adductor canal block (ACB). This is a peripheral nerve block which has been found to be effective in treating postoperative pain after knee alloplastic surgery, with the advantage of being an almost purely sensory block (25) (26) (27) . The trial will be conducted as a randomized, blinded, paired trial in healthy volunteers. All participants will receive bilateral ACB with 20 mL 0.5% ropivacaine in each thigh. According to the randomization 1.0 ml of clonidine 150 ug/ml will be added to the local anesthetic on one side and 1.0 ml of placebo (normal saline) on the opposite side. There is a dose response relationship between clonidine and duration of the nerve block. Most studies with positive results have used a clonidine dose of 150 μg.
Nerve Blocks are a well-established treatment for surgery and pain relief, and a follow-up study of patients after receiving adductor channel blocks showed no signs of nerve damage 3-6 months after surgery (28) . The models used in the study is validated in other medical specialties, and the discomfort experienced is normally only perceived as mild. A study on isolated sensory neurons from rats showed that clonidine was not associated with increased cell death when used as an adjuvant for ropivacaine (29 
Purpose
The purpose of the trial is to investigate whether clonidine used as an adjuvant to ropivacaine prolongs block duration by a peripheral mechanism when controlling for systemic effects. Our hypothesis is that perineural coadministration of clonidine and ropivacaine prolongs the duration of an ACB compared with ropivacaine and placebo.
Outcomes
Primary outcome measure  The difference in duration of sensory block between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, measured as time from block performance (removal of the needle) until an alcohol swab feels cold again (temperature discrimination).
Secondary outcome measures
 The difference in duration of sensory block between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, measured as time from block performance (removal of the needle) until the stimulation with a needle again elicits a painful response (feels sharp). 
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 The difference in duration of sensory block between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, measured as time from block performance (removal of the needle) until pain during tonic heat stimulation returns to baseline values (± 10 mm on a Visual Analogue Scale (VAS)).  The difference in duration of sensory block between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, measured as time from block performance (removal of the needle) until warmth detection threshold (WDT) returns to baseline values (+2 o C or below).  The difference in duration of sensory block between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, measured as time from block performance (removal of the needle) until pain heat pain detection threshold (HPDT) returns to baseline values (+2 o C or below).  The difference in maximum pain score (VAS) during tonic heat stimulation of the skin (30 seconds at 45 O C) between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, at 4 hours post block.  The difference in maximum pain score (VAS) during tonic heat stimulation of the skin (30 seconds at 45 O C) between ACB with ropivacaine + clonidine versus ACB with ropivacaine + placebo, at 1 hour after resolution of the block (rebound pain).
Ethical considerations
General considerations
Ropivacaine is a well-established local anesthetic registered for perineural use, and is administered within recommended doses.
Clonidine is approved for systemic use. Clonidine is not approved for perineural administration, but is well-established in the literature as an adjuvant for peripheral nerve blocks. There are no existing reports of permanent nerve damage in studies employing perineural clonidine, and an in vitro study involving rats did not find increased incidence of nerve inflammation/damage when clonidine was coadministered with ropivacaine compared to ropivacaine alone. It is therefore our opinion that side effects and risks associated with participation in this trial are minimal. The nerve blocks are performed using ultrasound guidance minimizing the risk of complications. The nerve blocks are performed by one anesthesiologists trained in ultrasoundguided nerve blocks.
The pain-induction model applied in this trial is simple, safe and reproducible.
This trial is conducted in healthy volunteers, since a paired bilateral design is necessary to control for systemic effects.
In this trial, we wish to test the hypothesis that clonidine used as an adjuvant to the ropivacaine in a peripheral nerve block extends the duration of the block by a local mechanism, compared to ropivacaine + placebo. The participants will not benefit directly from the trial, but the results of the trial may become a benefit for patients in the future. We are investigating if clonidine prolongs the duration of a nerve block by a peripheral mechanism. If no The trial will be conducted according to the Declaration of Helsinki principles. The protocol will be sent to the Regional Ethics Committee, The National Department of Health and the Danish Data Protection Agency. The principal investigator will inform the Regional Ethics Committee, The National Department of Health and the Danish Data Protection Agency in case of significant changes to the protocol. The trial will be registered at https://eudract.ema.europa.eu and https://www.clinicaltrials.gov.
Risks, side effects and disadvantages
All procedures, including peripheral nerve blocks, are associated with possible complications, albeit very rarely (0.02-0.4%).
Known complications are:
-Nerve injury (incidence 0.04%). Approximately 99 % of all nerve injuries resolves without treatment within one year. -Used correctly, no side effects are seen associated with ropivacaine, but upon accidental intravascular injection, serious toxic side effects such as paresthesia, convulsions and circulatory collapse may occur. The risk of intravasal injection of the local anesthetic is minimal, and is reduced by the use of ultrasound and thorough aspiration prior to and after every 5 ml of local anesthetic. -Systemic side effects of clonidine are transient and often mild. Sedation is normally not perceived as unpleasant. Hypotension (MAP <55) can be treated by administering isotonic saline or ephedrine 10 mg. Bradycardia can occur, but rarely requires treatment. Significant bradycardia of HR<40 can be treated with atropine 0.5 mg iv. -A small hematoma can occur at the needle puncture site. This may cause tenderness but resolves without treatment.
The nerve blocks will be performed using ultrasound guidance, which probably reduces the risk of complications.
There is a dose response relationship between clonidine and the prolongation of the nerve block. Most studies with positive results used a dose of 150 μg, and at the same time reports a minimum of side effects (30) . Clonidine is used frequently daily at the hospital for the treatment of shivering on recovery wards after surgery and opioid abstinence in the ICU. At doses of 300 micrograms, more significant sedation and hemodynamic instability is observed (30) .
A peripheral venous catheter is inserted, which rarely leads to a stinging sensation and a small hematoma after removal. 
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A previous trial has shown, that after the performance of an ACB, a minor motor block that will not bother the subject's mobility may be observed (27) . The participants will be observed until the block resolves.
It is our opinion, that risks and side effects in relation to this study is minimal, and that participation is associated with very low risk. Participation in this trial is not expected to be associated with any other nuisance, besides the already mentioned above.
Informed consent from participants
The participants will be recruited from the news bulletin for medical students "MOK" in Copenhagen.
The volunteers will be screened in a telephone interview. A copy of the participant trial information will be send prior to the trial date. They will be informed about the possibility of bringing an external assessor. On the trial date, participants will receive oral information by the principal investigator in a closed room without interruptions, in a language understandable to them. Sufficient time for questions will be provided.
Data protection
The trial will be registered at the Danish Data Protection Agency and be conducted in accordance with the data protection policies.
All data will be handled confidentially and all reported data is anonymized. The trial investigators are subject to patient/doctor confidentiality.
The collected data in the form of a Case Report Form and the signed informed consent will only be made accessible for inspection to authorized representatives from the competent authority including members of Good Clinical Practice Unit at the University Hospital Copenhagen. Medicine is prepared by the pharmacy in accordance with a computer-generated randomization list (no block randomization).
Trial setup: Timeframe
Blinding:
Blinded Participants:
Healthy volunteers Number:
21 participants
Trial Selection Inclusion criteria
Participants must meet all of the following criteria in order to be included in the trial:  Age > 18 years  Participants must understand the protocol fully and sign the written informed consent.  ASA 1  BMI > 18 to < 30  Male
Exclusion criteria
Participants meeting one or more of the following criteria cannot be included in the trial:  Participants unable to cooperate in the trial.  Participants unable to speak or read Danish  Allergy to study medication.  Alcohol consumption >21 units per week  Daily intake of prescription painkillers within the last 4 weeks.  Over the counter painkillers during the last 48 hours.  Neuromuscular defects, former surgery or trauma to the lower extremities.  Diabetes Mellitus  2. or 3.rd degree heart block  Sick sinus node. 
Participants completion and interruption of trial
 A participant has completed the trial, when the treatment plan has been followed until one hour after the alcohol-swab again is perceived as cold (normal temperature discrimination).  A participant who interrupts the trial, is a participant who is included in the trial and has given written informed consent, but has not completed the trial, whether trial medication was given or not. If a participant does not complete the trial, or drops out, a follow-up plan must be stated on if and how data is collected.
Reasons for trial interruption
A participant can be withdrawn from the trial under the following circumstances:  A participant is defined as non-responder and withdrawn from the trial if temperature discrimination is present, when stimulated with an alcohol swab in one or both legs 2 hours post block. The participant will be monitored for adverse events for 4 hours after block performance before discharge.  If the investigator finds it best for the participant.
 If the participant wishes to interrupt the trial.
Procedure for participants who drops out or in other way interrupts the trial
Participants have the right to withdraw from the trial at any given time and for whatever reason in accordance with the Declaration of Helsinki. Sponsor and investigator also have the right to withdraw a participant at any given time. The reason for withdrawal will be stated in the participants Case Report Form.
METHODOLOGY
General treatment plan and medical dosing
Trial schedule for the participants: o The participants are monitored with continuous ECG, pulse oximetry and blood pressure every 15 minutes for 4 hours after administration of the trial medication. o Sedation is measured every hour post block using a verbal rating scale (VRS) from 0-3 (0 no sedation, 1 light sedation, 2 moderate sedation, 3 pronounced sedation). o Temperature discrimination test with an alcohol swab, pin-prick and tonic heatstiemulation is performed at T=1h and 4h post block. If temperature discrimination is retained at t = 1h the sensory tests are also done at t = 2h and t = 3h. From 4 h 
Clinical assessments
Generally:  All tests are done on the right leg first, followed by the left leg.  Sensory tests will be performed with the participants in a semi-recumbent position in a room solely used for the trial.  The tests are done in the following order (all tests are not necessarily done at all times): Temperature discrimination test, Pinprick, WDT, HPDT and Pain during tonic heat stimulation.  The sensory tests are done on the anteromedial aspect of the lower leg (crus) in the area supplied by the saphenous nerve.  WDT, HPDT and Pain during tonic heat stimulation is measured using a computer controlled thermode (2,5 cm², Thermotest, Somedic A/B, Hörby, Sweden).  WDT and HPDT are determined from the average of four consecutive measurements. A 10-20 second pause will be held between each of the consecutive measurements.  Pain during tonic heat stimulation is considered normalized when max VAS returns to baseline ± 10 mm. WDT and HPDT are considered normalized when returned to baseline + 2 ° C or less.
Sensory tests: 
Temperature discrimination test: With this test, we wish to register the duration of sensory nerve block where the stimulation of the skin with an alcohol swab does not feel cold. The duration of the nerve block is defined as time from block performance (removal of the needle) until stimulation of the skin with an alcohol swab feels cold again. 
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
Pinprick test: Determination of duration of sensory nerve block defined as the inability to distinguish blunt from sharp when stimulated with a needle. This test determines the duration of the nerve block defined as time from block performance (removal of the needle) until the indentation of the skin with a needle again feels sharp.  Maximum pain during tonic heat stimulation: During this test, the participants' skin is heated to 45 °C for 30 seconds. The participants rates the pain elicited on a Visual Analogue Scale (VAS) using a ruler indicating "no pain" = 0 mm at one end, and "worst perceivable pain" = 100 mm at the opposite end. The duration of the nerve block measured by pain during tonic heat stimulation is defined as time from block performance (removal of the needle), until the tonic heat stimulation again elicits a painful response i.e. VAS >0.  Determination of warmth threshold (WDT) represents the lowest temperature perceived as warm. Start temperature for the thermode is 32 ° C. The temperature rises by 1 ° C/sec during the threshold determination and 5 ° C/sec at the return to the starting temperature after the test. The participant is asked to press a button when the thermode feels warm while also finishing heat stimulation. If the limit of temperature increase beyond 52 ° C before recording a threshold value the thermode automatically returns to its starting temperature and 52 ° C is recorded. Each threshold value is calculated as the average of four stimulations; stimulations are presented 6-10 seconds apart. The duration of sensory block assessed by WDT, defined as the time from block performance until WDT is normalized.  Determination of heat-pain threshold (HPDT) represents the lowest temperature perceived as painful. Start temperature for the thermode is 32 ° C. The temperature rises by 1 ° C/sec during the threshold determination and 5 ° C/sec at the return to the starting temperature after the test. The participant is asked to press a button, when the thermode feels painful while also finishing heat stimulation. If the limit of temperature increase beyond 52 ° C before recording a threshold value the thermode automatically returns to its starting temperature and 52 ° C is recorded. Each threshold value is calculated as the average of four stimulations; stimulations are presented 6-10 seconds apart. The duration of sensory block assessed by HPDT, defined as the time from block performance until HPDT is normalized. The trial lasts from the introduction until the nerve block wears off (typically 10-14 hours). The participants will receive the above-mentioned treatments according to a computergenerated randomization list. 
MEDICINE AND MEDICINE HANDLING
Trial medication
Blinding procedure, packaging and labeling
The trial is conducted in a blinded, randomized fashion. The randomization is done by a computer generated randomization list, generated by the Skanderborg pharmacy, who according to the randomization manufactures one box for each participant. The trial medicine will be packed and labelled by Skanderborg Pharmacy according to the applicable rules. The individual participant receives the trial medication as stated under "General treatment plan and medical dosing".
All participants will receive an ABC with 20 ml of ropivacaine 5 mg/ml in each leg. As this treatment is the same in each leg and accordingly is not blinded, it will be taken from the department's own medical inventory.
Clonidine 150 μg/ml and isotonic saline are both clear, colorless fluids of identical appearance. Clonidine is produced by Boehringer Ingelheim and delivered in clear ampoules marked with a yellow and green line. The same identical empty ampoules are obtained from the manufacturer, and the pharmacy fills them with 1 ml isotonic saline. As the ampoules and content are identical in appearance, clonidine and placebo are blinded and relabeled by Skanderborg pharmacy, no distinction between the two substances are possible. Each box is packed with 2 x 1.0 mL ampoules, one of which is labeled "RIGHT LEG" and the other labeled "LEFT LEG" and randomization number, containing either clonidine 150 ug ml or placebo, according to randomization. On the trial day, the investigator notes the batch number and expiry, after which the medication is drawn into neutral syringes, labeled RIGHT LEG and LEFT LEG.
Two sets of sealed opaque envelopes are produced, containing information of which treatment the individual participants have received. The sponsor stores one set; the other set is stored by the principal investigator in a locked, safe place at the department of Anesthesiology, Zealand University Hospital, Køge, Denmark.
Procedures in case of emergency
The Investigator ensures that procedures and expertise exists to manage any emergency that may arise during the trial. The sealed opaque envelopes containing the assigned treatment can only be opened, if treatment of the participant depends on knowledge of the assigned treatment. Immediate unmasking can be done without restrictions if deemed necessary without previous contact to monitor or sponsor. If the sealed opaque envelope is broken, date and reason for unmasking is registered in the CRF, and the envelope is signed by the investigator.
Medicine handling
All participant will receive an ACB with 20 ml of ropivacaine 5 mg/ml in each leg. As this treatment is the same in each leg and accordingly is not blinded nor randomized, it will be taken from the department's own medical inventory. All medicine is handled by an investigator. Each box contains two ampoules; one ampoule containing clonidine and one ampoule of normal saline, for administration according to the labels "RIGHT LEG" or "LEFT LEG". The investigator mixes the trial medication with 20 ml ropivacaine 0.5% and administers the medication immediately in the relevant legs according to the labels and randomization. Both drugs are clear colorless liquids and will appear identical in appearance and amount.
Medicine storage and tracking
Investigator ensures that the trial medication is kept in a safe place and only administered to participants in this trial. Only the principal investigator will handle the trial medication and batchnumber as well as expiry date will be noted in the trial master file. Investigator accounts for missing medication, as well as any discrepancy between delivered and returned medication.
Side effects Side effects/AEs=adverse events
Adverse events are defined as any unwanted event, sign or symptom occurring during the trial related to the administration of the trial medication, whether this adverse event is deemed to be related to the trial medication or not. All adverse events are noted in the par- 
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ticipants Case Report Form. Should an adverse event occur more than 36 hours after administration of the trial medication, and no apparent association or connection to the trial medication can be made, it is not considered an adverse event.
Beginning and end, severity and symptoms related to the assumed adverse event following administration of the trial medication is noted. The severity of the adverse event and the association to the trial medication is evaluated according to the following guidelines by the investigator. Participants experiencing adverse events will be monitored with relevant clinical assessments and lab tests according to the treating doctor's decision. All adverse events will be followed until satisfactory restitution or stabilization. A Serious Adverse Event = SAE is an event that leads to risk of death or handicap for the participant (or their offspring) including, but not limiting to, an event that result in: -Death -Life threatening circumstance. Participant was, assessed by the investigator, at apparent risk of death by the adverse event as it occurred. -Hospital admission -Permanent invalidation -Innate anomaly A product resume for clonidine chapter 4.8 and the product resume for Ropivacaine chapter 4.8 from the department of health homepage as a reference document, when assessing whether a serious adverse event is expected or unsuspected.
Reduced sensitivity and motor deficits are a known effect of nerve blocks and will not be reported to the authorities unless strength and sensitivity is not regained within 36 hours after nerve block. There is a known risk of falling when nerve blocks involves n. femoralis, accordingly falling is not seen as an adverse event unless injury occurs in relation to the fall. The risk of falling is probably lower in relation to adductor channel blocks, all possible precautions will be taken to avoid falls. Bradycardia, hypotension, sedation and dizziness are also known side effects of clonidine and will not be considered an adverse event.
Grading adverse events:
The investigator is obliged to investigate all clinical and objective reactions among the participants in the trial, and determine any causal relation to the trial medication. 
Reporting AEs and SAEs
Investigator is responsible for registration of any AEs and SAEs in the participants Case Report Form. Sponsor is responsible for ongoing monitoring of the trials risk/benefit relations. If events occur that may jeopardize the safety of the participants or the trial, the competent authority should always be informed. Similar reporting should also be done to all investigators and ethical committees.
In addition, the following guidelines of reporting to authorities are followed. All events and side effects of the medication are to be reported.
Sponsor is ongoing informed by the investigator on adverse events. By the completion of the trial, the final report should include a description of all adverse events.
Serious Adverse Events -SAE are reported to the sponsor by the investigator immediately. SAE´s are reported yearly to the ethics committee during the entire trial period along with a report on the safety of the participants.
Serious adverse reaction -SAR are reported by the sponsor (sponsor-investigator) yearly to the competent authority. The report also entails details on the safety of the participants.
Suspected unexpected serious adverse reaction -SUSAR are reported by the sponsor (sponsor-investigator) to the competent authority and the ethical committee within 24 hours. Report to the competent authority will be done using the electronic form for reporting SUSAR.
Deadly or life-threatening SUSAR´s are reported within 7 days after sponsor's awareness of the event. Within 8 days of the report, the sponsor must inform the competent authority of all relevant information on the follow-up of the event.
All other unexpected or serious suspected events must be reported to the authorities within 15 days of the event.
Any report to the authorities must be accompanied by a statement on the consequences for the trial. It is recommended that sponsor (sponsor-investigator) informs the manufacturer of the event. 
STATISTICAL ANALYSIS
Sample size calculation
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A few studies have compared the duration of perineural clonidine with systemic clonidine, but these studies have examined combination with bupivacaine(4, 21), mepivacaine(3) and levobupivacaine (22) and not perineural ropivacaine. El Saied (9) investigated ropivacaine with clonidine as an adjuvant perineurally vs. ropivacaine alone in a study with 50 patients. The addition of clonidine as an adjuvant prolonged the sensory blockade 489-628 minutes (95% CI 90-187). In a yet unpublished study by our group on healthy volunteers, we found a sensory duration of an ACB with 20ml ropivacaine 5 mg/ml of 22 (SD 4) hours. Accordingly, we find that a 240 minutes prolongation of block duration will be clinically relevant. With a type 1 error risk of 5% and a type 2 error risk of 10% and an SD of 240 minutes, a total of 18 subjects is needed in this paired trial to show a difference of 240 minutes. In order to compensate for possible dropouts, we plan to include 21 participants.
Data handling
The trial ends when 21 participants are included. Every participant's assessability in the statistical analysis will be determined before the code is broken. We will primarily perform an intention to treat analysis. Excluded participants and missing data will be described and accounted for, and if relevant (for instance in case of a partial nerve block) a per protocol analysis will be done.
Data is stored and analyzed on a computer in an anonymized form. Local data regulations will be adhered to. Physical data in form of CRF will be kept in a locked cabinet in a locked office. Data is pseudo anonymized as the collected data is registered with a participant id number in the CRF. The electronic pseudo anonymized data will be kept on a secure site on a computer, which only the principal investigator has access to.
Data is stored for 5 years after the completion of the trial, after which all paper material is maculated and electronic data is completely anonymized. The code to the assigned treatment will also be erased.
Results will be described using means, standard deviation to the mean, median and interquartile range where appropriate. A 5 % significance level will be employed. Normally distributed, continuous data are analyzed using paired t-tests, Whereas Wilcoxon signedrank test will be applied to data violating the normality assumption. Any change to the statistical plan will be accounted for before publication.
DATAREGISTRATION AND RULES FOR CONTROL OF TRIAL PROCEDURES
The trial is conducted according to the rules applying for clinical trials on humans adhering to the Good Clinical Practice guidelines. Investigator and sub investigators at University Hospital Zealand, Køge are responsible for handling and storing data according to the rules that apply. Data belongs to the principal 
Case Report Forms
For every participant included in the trial, a Case Report Form (CRF) will be used. The CRF will be signed by the investigator to confirm the authenticity of the data. Any Correction of data will be done by crossing out the wrong data in such a way, that the wrong data is still visible, and the correct data is written besides the crossed out wrong data. Corrections are signed and dated by the investigator or the sub investigator. Source data are defined as the CRF.
Education
Investigator assures that the involved personnel is appropriately trained, instructed and has the necessary knowledge to conduct the trial.
FURTHER DEMANDS AND INFORMATION
Insurance
In the case of injury or harm caused directly or indirectly by the trial medication to the participants in this clinical trial, coverage on behalf of the investigator and sub investigators by the department of Anesthesiology, University Hospital Zealand, Køge is made, provided that the instructions given in this protocol and any amendments have been followed, and the trial have been conducted in concordance with applicable rules and accepted techniques. In the case of death or injury unrelated to the conduction of the trial, the participants are covered by University Hospital Zealand's insurance.
Publication plan
The investigator produces a report based on the data. This report will be send to the relevant authorities. The trial data and interpretation will also form the basis for a manuscript for publication with the following order of authors:
